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Executive  Summary 


During  the  week  of  April  5  through  9,  1993  an  ARPA  technology 
assessment  team  visited  four  Japanese  semiconductor  companies  and  one 
JapEuiese  university  to  evaluate  Japanese  trends  in  flexible  manufacturing  and 
assess  their  strategic  direction.  Of  the  manufacturing  facilities  visited,  the 
Mitsubishi  16Mb  DRAM  facility  in  Saijo  was  the  most  advanced  and  provided  good 
insight  into  the  Japanese  manufacturing  directions. 

The  following  key  observations  and  trends  of  this  trip  are  summarized  here 
and  discussed  further  in  this  report. 

1)  All  of  the  manufacturing  sites  (excluding  Tohoku  University)  are  on  the 
classic  mega-fab  trend  which  will  result  in  the  multi-billion  dollar  next- 
generation  facilities.  Although  several  of  the  companies  visited  knew  of  the 
MMST  program,  we  sav.’  no  evidence  of  an  analogous  Japanese  program. 

2)  Contrary  to  US  manufacturers,  the  Japanese  manufacturers  have  little 
concern  over  the  capability  and  cost  of  lithography  tools  and  processes. 

Each  of  the  Japanese  companies  relied  upon  local  Japanese  suppliers 
(Canon,  Nikon)  to  provide  capable  tools.  Typical  0.5  micron  production  is 
accomplished  with  i-line  optical  steppers.  The  lithography  tools  seen  in  the 
factories  are  one  generation  older  than  those  typically  used  by  the  US. 

3)  There  appears  to  be  very  little  pre-competitive  cooperation  among  the 
semiconductor  companies,  even  in  development  of  new  tools.  There  is  some 
support  for  standards  though,  mainly  through  the  Electronics  Industries 
Association  of  Japeui  (EIAJ)  and  the  worldwide  organization  of 
Semiconductor  Eqmpment  and  Materials  International  (SEMI). 

4)  The  most  advanced  manufacturing  concepts  were  seen  at  Tohoku 
University  under  Professor  Ohmi.  However,  few  of  the  ideas  proposed  by 
Tohoku  University  have  been  implemented  into  industry. 

5)  Although  the  US  has  far  superior  computer  technology  than  what  was 
viewed  in  the  Japanese  factories,  the  Japanese  have  much  more  pervasive 
implementation  on  the  manufacturing  floor.  Even  the  tools  on  Toshiba’s 
oldest  line  were  computerized  for  automatic  recipe  download. 

6)  The  Japanese  companies  which  were  visited  each  have  extensive  foreign 
technology  partnerships  which  include  back  end  of  line  processing, 
packaging  and  final  test.  This  has  enabled  the  Japanese  manufacturers  to 
penetrate  markets  which  restrict  traditional  “foreign  suppliers”. 

6)  Japan  has  fewer  restrictions  and  regulations  concerning  environmental 

and  safety  issues,  enabling  construction  of  facilities  with  less  expensive  and 
restricting  technology. 
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1.0  IVCtsubishi  ESectric  Ck>iporation 
Sa^o,  Shikoku  Island 


The  Mitsubishi  facility  in  Saijo,  located  on  Shikoku  Island  was  visited  on 
April  5,  1993.  The  Saijo  site  is  Mitsubishi's  prime  manufacturing  site.  Complete 
production,  from  wafer  fabrication  to  packaging  and  shipping  are  done  here. 
Mitsubishi  has  three  other  semiconductor  factories  in  Japan,  located  in  Kochi, 
Fukuoka,  and  Kumamoto.  World-wide,  Mitsubishi  has  built  6  wafer  fab  lines  that 
are  nearly  completely  automated  and  computerized.  The  seventh  automated 
facility  is  under  construction  at  Saijo.  Main  products  in  Saijo  are  1Mb  DRAM, 
MPU,  256kb  SRAM,  VRAM,  4Mb  DRAM,  and  16Mb  DRAM.  The  ARPA  team  was 
able  to  visit  the  newest  fully  operational  line,  now  manufacturing  4  and  ILM'' 
DRAM  product,  and  also  was  able  to  see  the  area  designated  for  a  new  16Mb  line. 
The  total  capacity  of  the  operational,  fully  automated  16Mb  line  viewed  was  about 
25,000  wafer  starts  per  month. 

1.1  Manufacturing  Site  Description 

The  Saijo  site  consists  of  three  fabrication  lines  in  three  separate  buildings. 
Building  B  is  the  oldest,  having  opened  in  1985  making  256kb  DRAM  but  is  now 
making  1Mb  DRAM  at  1  pm  geometries  with  5  inch  wafer  diameters.  Building  B 
is  140  m  by  70  m  in  three  floors. 

Building  C  is  identical  to  building  B  in  size  and  opened  in  May,  1985.  It  is 
equipped  to  manufacture  products  with  1  pm  geometry.  Presently,  it  is  producing 
MPU,  SRAM,  and  VRAM  products. 

The  newest  facility,  building  A,  opened  in  1991.  Building  A  contains  5 
floors  and  measures  220  meters  by  50  meters  and  is  used  to  manufacture  16  and  4 
Mb  DRAM  products  with  0.8-0.5  pm  geometries  in  a  class  1  environment.  While 
building  A  can  support  four  fabrication  areas,  it  presently  contains  just  the  one  6 
inch  line.  Mitsubishi  plans  to  trmsfer  all  4Mb  DRAM  processing  to  Kochi  and 
begin  4Mb  SRAM  processing  in  building  A.  Mitsubishi  also  plans  to  upgrade  the 
steppers  and  etchers  in  the  C  lines  for  0.7  pm  geometries. 

The  site  plan  showed  a  future  D  building,  but  Mitsubishi  claimed  to  have  no 
real  plans  for  expansion  yet.  Their  first  priority  is  to  complete  building  A,  where 
a  new  line  "floor  2”  is  imder  construction.  Floor  2  appears  to  be  identical  in  floor 
space  area  to  floor  one.  This  line  will  be  equipped  to  process  16  Mb  DRAM 
products  on  8  inch  wafer  diameters. 

L2  Facility  Description 

The  factory  is  organized  into  5  departments  imder  the  General  Manager 
(M.  Amano).  The  5  departments  are  General  Affairs,  Manufacturing  Planning, 
Wafer  Manufacturing  A  (B&C  lines).  Wafer  Manufacturing  B  (A  lines),  and 
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Assembly  Manufacturing.  About  1,600  people  are  employed  at  the  plant, 
approximately  10%  are  engineers  or  scientists.  About  half  of  the  total  work  force 
were  Mitsubishi  employees,  the  rest  were  on-site  sub-contractors  supporting  both 
fabrication  and  back-end  operations.  The  entire  facility  runs  24  hours  per  day  on 
3  shifts.  Building  A  operates  on  3  shifts  of  approximately  50  people  each.  The 
main  fimction  of  the  people  is  for  maintenance  and  assists,  resetting  the  material 
transfer  robots.  Mitsubishi  reported  to  SEMATECH  that  the  automation  had 
reduced  the  number  of  people  in  the  clean  room  by  50%.  The  total  cost  of  the  6” 
wafer  line  was  estimated  by  Mitsubishi  to  be  $600  million.  The  total  cost  of  the  8” 
line  under  construction  will  be  about  $1.4  billion. 

The  team  was  given  an  extensive,  in-depth  window  tour  of  the  16  Mb  line  on 
floor  1.  Everyone  had  to  completely  undress,  take  a  water  shower,  gown,  enter  a 
transition  area,  then  regown  in  a  bunny-suit  to  enter  the  class  1000  space  in  the 
window  ai  ea  aroimd  the  perimeter  of  the  fab.  The  fab  itself  is  ballroom  style,  with 
about  20  Nikon  steppers  evident  in  the  center  aisle.  Mitsubishi  said  that  they  had 
about  50  CVD  reactors  in  this  fab.  The  total  capacity  is  about  25,000  wafer  starts 
per  month.  The  most  notable  thing  is  the  nearly  complete  dependence  on 
automation.  Also,  none  of  the  operators  were  wearing  gloves.  The  other 
Mitsubishi  facility  in  Kochi  is  also  automated,  but  uses  a  different  scheme,  one 
more  suitable  for  ASIC  production.  Mitsubishi  did  not  provide  further  details. 

At  Saijo,  wafers  are  stored  in  open  carriers.  Robots  are  flexible  enough  to 
move  from  1  to  4  carriers.  Stockers  with  elevators  to  move  and  store  wafer 
carriers  dxiring  processing  were  located  in  every  bay.  Each  wafer  carrier  has  a 
smart-card  ID  that  accompanies  it.  The  24  wafers  within  a  carrier  may  be  broken 
into  as  many  as  12  lots  for  individual  control  of  processing.  Robots,  AGVs  and  a 
monorail  system  are  exclusively  used  to  move  wafers  (see  Fig.  1).  The  robots 
material  handling  system  was  described  as  robust  and  is  organized  into  main 
and  branch  systems.  Elevators  are  used  to  transport  wafer  carriers  between  the 
floor  and  the  monorail.  The  single  overhead  monorail  rings  the  entire  floor.  In 
nearly  2  years  of  operation,  Mitsubishi  claims  that  the  monorail  has  only  been 
down  twice,  both  times  for  minor  repairs  that  were  effected  within  a  few  hours. 
The  monorail  system  was  open,  leading  us  to  question  particle  contamination,  but 
Mitsubishi  denied  this  presented  a  problem.  The  move  to  complete  factory 
automation  was  made  to  increase  component  yield.  They  seem  convinced  that  the 
approach  has  been  successful  and  is  cost-effective  but  did  not  present  the 
accompanying  product  yield  data. 

The  organization  and  operation  of  the  automated  facility  was  openly 
discussed.  The  architecture  is  shown  in  Fig.  2.  Nearly  all  of  Mitsubishi’s 
product  and  process  design  and  development  occur  at  the  Kita-Itami  works.  Note 
the  PBX  connection  between  host  computers.  All  of  Mitsubishi’s  factories 
worldwide  have  similar  communication  systems.  All  planning  and  scheduling 
for  the  Saijo  factory  are  performed  at  the  local  host  level.  The  computer 
schedules  maintenance  and  dispatches  operators  as  necessary  through  alpha 
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FIG  1:  The  wafer  carrier  transportation  system.  The  Stocker  has  an  elevator  to 
move  wafers  between  the  overhead  monorail  and  the  equipment  within  the  bay. 
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GENERAL  DRAWING  OF  EA-OA  SYSTEM 

(SAIJO  FACTORY) 


FIG  2;  The  architecture  of  the  factory  automation/control  system  at  Saijo. 
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pagers.  The  Saijo  line  has  a  combined  architecture  where  the  product  flows 
through  a  flow-shop  while  the  machines  are  organized  in  a  job  shop. 

Since  yield  enhancement  was  a  driver  for  Mitsubishi  to  move  to  complete 
automation,  the  factory  has  an  aggressive  quality  control  system.  The  system 
tracks  trends,  provides  control,  and  self-diagnosis.  The  architecture  is  shown  in 
Fig.  3.  Test  results  and  data  from  each  chip/wafer/lot  tested  are  stored  for  6 
months  on-line  in  an  8-10  Gb  database  on  an  HP9000  fileserver. 

Ultra-Clean  Technology 

Mitsubishi  appears  to  have  an  appreciation  and  acceptance  of  the 
importance  of  ultra-clean  technology.  A  wide  range  of  topics  were  described  in 
this  area,  including  both  “defensive”  and  “offensive*  approaches  to  improve 
conventional  equipment  and  materials  and  develop  new  processes.  The 
Mitsubishi  strategy  for  addressing  ultra-clean  technology  is  shovm  in  Fig.  4. 
Future  trends  and  requirements  were  also  described  (see  Fig.  5).  One  of  the  main 
challenges  will  be  to  improve  the  sensitivity  of  diagnostic  tools  for  the  detection  of 
particles  and  contaminants.  The  vision  of  the  ultra-clean  facility  of  the  future  is 
shown  in  Fig.  6. 

In  building  A,  a  class  1  facility,  air  is  forced  vertically  at  a  flow  of  0.38  m/s. 
Vibrations  in  the  plant  are  below  0.5  pm.  Deionized  water  has  a  resistivity  of  18 
MQ-cm  with  less  than  1  particle/cm^.  Particles  within  gases  are  below  l/ft^.  The 
dew  point  of  gases  are  below  -100®  C.  The  oxygen  impurity  level  of  nitrogen  is 
below  5  ppb.  Hydrogen  is  generated  on-site,  while  nitrogen  is  supplied  by  an 
outside  company. 

1.4  Additional  Discussions 

A  member  of  Mitsubishi’s  technical  staff  from  the  planning  department 
(Tokyo)  presented  an  approach  to  solve  the  manufacturing  planning/scheduling 
problem  through  simulation  of  factory  performance.  The  software  is  used  for 
prediction  of  work  load  2md  may,  in  the  futme,  be  used  as  an  aid  during  factory 
design.  It  may  also  be  used  to  suggest  weekly  release  plans  for  wafers,  a  run 
takes  about  15  minutes  to  execute.  The  approach  is  based  on  Petri  net  modeling 
techniques  and  displays  results  through  Gantt  charts.  It  was  unclear  how  weU 
developed  and  tested  this  particular  code  was,  who  uses  it,  and  to  what  degree. 
Therefore,  the  utility  and  usefulness  of  the  code  was  difBcult  to  assess.  In 
general,  Mitsubishi  said  that  they  were  implementing  a  modeling  program  to 
help  solve  problems  relating  to  factory  flexibility,  i.e.  what  the  best  course  of 
actions  are  if  tools  are  down  or  if  the  number  and  type  of  products  needed 
changes.  The  eventual  goal  of  the  modeling  efforts  are  to  develop  codes  that  will 
assist  Mitsubishi  in  factory  design. 

Mitsubishi  discussed  their  target  of  spending  $700  million  for  a  future 
20,000  wafer  per  month  state-of-the-art  facility.  They  see  this  as  realizable  for  .a 
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FIG  3;  Architecture  of  the  Mitsubishi  quality  control  system  at  Saijo. 
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Quality  Control  System  (Trend/Optimal  Control,  self-diagnosis) 


FIG  4:  Mitsubishi  strategy  for  ultra-clean  technology. 
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16M(D)RAM - ►  1G(D)RAM 


Amitsubishi  electric 
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FIG  6:  The  Mitsubishi  vision  of  the  ultra-clean  factory. 


200  mm  wafer  diameter.  They  are  interested  in  developing  a  common  mask 
technology  between  DRAM  and  ASIC  products  and  noted  that  some  phase-shift 
strategies  are  not  useful  for  both  cases.  They  indicated  some  interest  in  excimer 
lasers  for  lithography.  According  to  their  belief,  the  expense  of  anti-reflective 
coatings  may  be  mitigated  through  increases  in  equipment  uptime. 


2.0  Toshiba  Corporaticm 
Toshiba  Oita  Worics 
Oita,  Kyushu  Island 


Toshiba  had  1991  revenues  of  about  Y710  billion.  Their  capital  investments 
in  1991  were  about  YlOO  billion,  while  in  1992  they  were  about  Y80  billion.  Toshiba 
is  the  world’s  largest  producer  of  DRAMs.  Oita  is  located  on  Kyushu  Island, 
south  and  east  of  Honshu.  Many  Japanese  semiconductor  firms  are  located 
there,  giving  it  the  nickname  of  “Silicon  Island”.  The  Toshiba  Oita  Works  was 
established  in  1970.  Production  reached  5  billion  pieces  in  1988  and  10  billion 
pieces  in  1992.  More  than  3,000  part  numbers  are  now  manufactured  there. 
Products  include  MOS  DRAM  and  other  logic  components.  Presently,  the  factory 
is  shipping  about  6  million  pieces  per  month  of  1  Mb  DRAM,  5.5  million  pieces  per 
month  of  4  Mb  DRAM  and  about  70  million  pieces  per  month  of  CMOS  logic  ICs. 
Total  production  is  in  the  range  of  110  million  pieces  per  month.  There  are  5 
clean  rooms  in  the  facility,  the  newest  is  used  for  16  1^  DRAM  production.  Only 
wafer  fabrication  services  are  provided  at  this  site.  The  team  was  permitted  a 
window  tour  of  the  oldest  DRAM  line. 

Worldwide,  Toshiba  has  9  other  factories  and  one  engineering  center.  Each 
factoiy  is  responsible  for  a  complete  product  line.  The  facility  Iwate  plant  has 
responsibility  for  ASIC  production,  while  the  Mie  plant  has  responsibility  for 
module  production.  There  are  2  sites  in  southeast  Asia  for  DRAM  production 
near  consumer  electronics  assembly  areas. 

2.1  Manufacturing  Site  Description 

Toshiba’s  Oita  works  consist  of  5  clean  rooms  and  about  330,000  square 
meters  of  floor  space.  The  oldest  clean  rooms,  previously  xised  for  memories,  are 
now  used  for  CMOS  logic  components  in  the  3  pm  range.  Production  of  1  and  4 
Mb  DRAM  is  done  at  0.65  pm,  as  are  some  SRAM  products.  The  newer  lines  use 
6  inch  wafer  diameters,  while  others  use  5  and  4  inch.  The  clean  rooms  in  the  4 
and  16  Mb  lines  are  class  100.  I-line  exposure  and  phase-shift  masks  are  used  in 
the  16  Mb  line.  The  16  Mb  line  may  be  upgraded  to  accommodate  8  inch  wafer 
diameters,  since  it  is  not  yet  fully  equipped.  About  1,600  people  are  employed  in 
the  clean  rooms  at  this  site,  in  4  shifts. 

Toshiba  does  not  support  and  has  not  adopted  Mitsubishi-style  automation. 
Internally  developed  CIM  systems  are  used,  and  internal  software  tools  are  used 
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to  track  hot  lots  and  determine  priorities.  About  50  software  support  people  are  on¬ 
site  and  are  totally  occupied  with  maintaining  and  enhancing  the  present  system. 
To  integrate  additional  factory  automation,  more  personnel  would  be  required. 

One  interesting  aspect  of  this  site  was  the  fountain  located  in  the  front.  The 
water  was  treated  waste  water  from  the  lines.  It  was  pumped  through  the 
fountain  to  demonstrate  its  cleanliness,  then  discharged  into  a  nearby  stream. 
However,  all  other  chemical  waste  was  disposed  of  locally. 

22  Facility  Description 

Toshiba  took  us  on  a  window  toiur  of  the  site’s  least  advanced  DRAM  line, 
producing  1  Mb  products  and  equivalent.  Toshiba  claimed  that  the  4Mb  and  16  Mb 
facilities  were  very  similar  in  most  respects.  The  size  of  this  facility  was  129  by  66 
meters  and  was  divided  into  two  mirror  images.  The  building  was  three  floors, 
test  and  measurements  on  floor  1,  fabrication  on  floor  3,  and  air  return  and 
utilities  on  floor  2.  About  50  different  product  numbers  are  produced  there.  The 
facility  was  organized  in  a  conventional  sense,  into  bays  containing  various 
manufacturing  cells.  G-line  lithography  was  in  use  in  this  line.  Many  tools  from 
U.S.  suppliers  were  in  use  including  Applied  Materials,  Varian,  and  Lam. 

Nikon  steppers  were  seen  as  well.  All  tools  were  computerized  to  allow  automatic 
download  of  recipes.  Although  the  actual  computer  technology  was  not  very 
advanced,  it  was  extensive  and  well  implemented  on  the  factory  floor.  Toshiba 
informed  us  that  most  of  the  equipment  used  in  the  Oita  fabs  were  computerized. 

Wafers  were  stored  in  sealed  containers.  A  single  monorail  system,  in 
class  1000  space  was  used  to  transport  wafers.  No  intrabay  automation  was  used. 
Computer  terminals,  located  within  the  bay,  inform  operators  of  lot  locations  and 
priorities.  All  equipment  was  computer  controlled  with  automatic  recipe 
download.  Wafer  lots  were  bar  code  and  had  paper  travellers.  Air  monitors  are 
located  in  each  room  and  near  each  piece  of  equipment.  A  central  monorail  in 
class  1000  space  was  used  to  move  wafers  between  bays.*  Elevators  move  wafers 
between  floors. 

Operators  in  the  fab  do  not  wear  gloves,  not  even  in  the  lithography  area 
under  most  circumstances,  according  to  our  host.  However,  during  om  visit,  an 
operator  was  observed  donning  gloves  to  handle  a  reticle.  No  air  showers  are 
used  to  enter  the  fab  because  Toshiba  believes  these  may  cause  static  charge 
buildup  on  operators.  Instead,  ion  showers  are  used  to  remove  particles  from 
operators  and  garments.  Equipment  is  maintained  by  Total  Product  Maintenance 
(TPM)  teams. 
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3.0  So^y  Corporation 

Atsugi  Technology  Center 
Atsugiy  Japan 


The  Sony  Semiconductor  Group  is  broken  into  4  business  divisions,  bipolar 
IC,  CCD,  MOS  and  Memory,  and  Compound  Semiconductor.  Within  ea(^ 
division  are  quality  assurance,  p:  duction  technology,  design  technology, 
materials  distribution,  and  planning  and  control.  Worldwide,  there  are  6 
factories  and  one  technology  development  center  (Atsugi).  Sales  in  the 
semiconductor  group  were  about  Y190  billion  in  1992,  evenly  mixed  between 
merchant  and  captive  supply.  The  product  mix  is  20%  CCD,  30%  bipcla’",  30% 
logic,  and  10%  other.  Sony  expects  a  15%  increase  in  1993  to  about  210  billion. 

Sony  Semiconductor  is  a  relatively  small  supplier,  presently  number  18  in  the 
world. 

All  process  research  and  development  occurs  at  Atsugi.  Sony  is  not  a 
major  DRAM  producer;  their  main  memoiy  components  are  SRAMs.  Also,  Sony 
accoimts  for  about  60%  the  world’s  market  of  laser  diodes,  an  area  closely  tied  to 
sales  of  compact  disc  players  and  CD  ROM  machines.  With  the  release  of  the  new 
mini-disc  format,  this  area  may  begin  to  expand.  A  brand  new  R&D  center  in  the 
Atsugi  center  has  just  been  completed  for  an  8  inch  wafer  hne.  The  total  cost  of 
the  building  alone,  no  equipment,  was  about  Y20  billion.  The  center  features  2 
clean  rooms,  one  class  1  and  one  class  10.  Both  have  2,376  square  meters  of  floor 
space.  The  team  was  not  permitted  to  view  this  facility. 

3.1  Site  Activity  Description 

The  Sony  R&D  efforts  are  now  focused  on  0.35  pm  device  technology  for 
products  such  as  the  16  Mb  SRAM,  2/3  inch  2  million  pixel  CCD  imagers,  64  Mb 
non-volatile  memory,  and  ASICs.  Sony  is  developing  i-line  and  excimer  (KrF) 
lasers  for  exposure  sources  in  lithography.  Research  is  also  being  conducted  on 
0.25  pm  devices  and  below.  Products  here  include  64  Mb  SRAM,  256  Mb  DRAM, 
and  1/2  inch  2  million  pixel  CCD  imagers.  Excimer  laser  exposure  somrces  are 
under  research,  as  are  low  temperature  etch,  and  high-purity  processes.  Other 
activities  at  the  Technology  Center  include  Technology-CAD,  large  diameter 
wafer  processing,  and  advanced  cleaning.  Sony  has  not  yet  committed  to  any 
phase  shift  technologies.  The  site  runs  on  one  8  hour  shift. 

3J2  Facility  Description 

The  team  entered  one  of  the  research  clean  rooms.  It  contained  mainly  old 
equipment,  an  obvious  research  lab  for  silicon  processing.  The  team  also  toured 
part  of  a  separate  clean  room  used  for  growing  epitaxial  doped  GaAs  layers  on  2-3 
inch  GaAs  wafers.  Custom  designed  MOCVD  reactors  were  seen.  The  reactors 
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FIG  7:  (a)  Rankings  of  tools  for  particle  generation;  (b)  Feature  size  and  critical 
particle  diameter  vs.  integration  level;  (c)  requirements  on  deionized  water. 
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were  designed  empirically  and  from  Son/s  past  experience.  The  13  employees 
that  work  here,  5  engineers  and  8  technicians,  are  responsible  for  the 
development  and  production  of  over  60%  of  the  world’s  supply  of  laser  diodes. 

3.3  Ultra-Clean  Technology  Discussion 

Sony's  approach  to  ultra-clean  processing  is  to  emphasize  particle 
reduction  at  the  wafer  surface.  They  consider  this  very  important  for  3rield 
considerations.  Results  from  an  experimental  study  of  particulate  generation 
during  processing  is  showed  in  Figure  7a.  From  the  process-side,  Sony  is  also 
researching  methods  to  reduce  process-induced  contamination.  An  engineer  (Dr. 
T.  Hattori)  from  the  Technology  Center  gave  a  brief  presentation  on  ultra-clean 
technology.  He  gave  his  personal  views  on  certain  subjects,  but  could  not  commit 
Sony's  intentions  to  follow.  He  admitted  that  his  10  year  vision  was  very  risky  for 
the  company  to  follow.  He  believes  that  there  are  compelling  reasons  to  move  to 
mini-environments,  such  as  reduced  maintenance,  increased  reliability, 
particulate  free,  standardization,  and  automation.  There  are  also  advantages  to 
the  use  of  tunnels  between  tools,  although  this  approach  leads  to  a  nearly  rigid, 
fixed  process.  Adoption  of  SMIF  standards  could  add  some  fiexibihty.  ^so,  use 
of  redxindant  contamination  free  systems  may  be  important  for  future  clean 
rooms.  Sony  presented  us  with  reprints  of  several  papers  on  ultra-clean 
technology.  The  trend  of  feature  size  and  critical  particle  diameter  is  shown  in 
Fig.  7b.  The  requirements  on  deionized  water  are  shown  in  Fig.  7c. 


4.0  Tohoku  University 
Sendai,  Japan 


The  team  visited  two  semiconductor  research  facilities,  both  under  the 
direction  of  Professor  Tadahiro  Ohmi.  One  facility,  called  the  “Super  Clean 
Room”,  was  claimed  to  be  class  0.0001,  or  less  under  static  conditions.  Research 
in  this  facility  is  mainly  on  silicon  for  0.1  pm  processing.  Research  is  supported 
by  the  Ministry  of  Education  and  several  companies.  In  the  second  facility,  called 
the  “Super  Mini-Clean  Room”,  research  activities  are  more  closely  related  to 
studies  of  clean  rooms  themselves,  as  well  as  advanced  tools,  and  processes.  The 
team  held  lengthy  discussions  with  Professor  Ohmi  and  Associate  Professor 
Shibata  regar^ng  ultra-clean  manufactiiring.  Ohmi  has  developed  an  extensive 
strategy  for  next-century  manufacturing.  The  overall  concept  is  shown  in  Fig  8. 

4.1  Super  Clean  Room 

Ihe  Super  Clean  Room  was  located  at  the  laboratory  for  Microelectronics, 
Research  Institute  of  Electrical  Communication,  in  an  area  of  Sendai  apart  from 
the  campus  of  the  University.  The  clean  room  is  housed  in  a  relatively  new,  three 
story  building.  The  clean  room  is  on  the  second  floor,  to  allow  a  nearly  completely 
vertical  air  flow  through  the  work  area.  The  entire  clean  room  and  its  contents. 
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including  operators,  are  grounded.  The  grounding  scheme  ensures  that  the 
maximum  potential  difTerence  due  to  static  charge  buildup  is  limited  to  under  5V. 
The  projects  imder  research  in  this  facility  are  aimed  at  solving  process  issues  for 
0.1  pm  geometries.  There  are  5  basic  areas  imder  investigation:  Silicon  1C, 
optical  IC,  high  frequency  analog  IC,  hybrid  IC  (SAW  devices),  and  Josephson 


IC. 


Funding  for  the  Super  Clean  Room  comes  from  2  sources.  The  Ministry  of 
Education  provided  the  start-up  costs  of  Y200  miUion  (Y20  million  for  building,  Y80 
million  for  clean  room,  and  YlOO  million  for  equipment)  and  provides  about  Y20 
million  in  annual  support.  This  money  is  now  mainly  used  to  support 
maintenance  and  operations  of  the  facility.  Addition^  support  is  provided  by 
companies  through  their  research  laboratories.  Presently  eleven  companies  are 
participating  on  projects  there.  Within  the  facility,  11  Professors  and  40  students 
and  about  200  other  people  use  the  clean  room,  llie  team  toured  the  inside  of  this 
clean  room.  It  was  obviously  a  prototyping  laboratory  for  device  and  process 
development  work. 

Discussion  with  T.  Ohmi 

The  team  met  with  Professor  Ohmi  and  Associate  Professor  Shibata,  both 
from  the  Electrical  Engineering  Department.  Ohmi’s  research  program  has 
adopted  a  10  year  vision.  He  has  on-going  projects  in  many  areas,  from  advanced 
device  design  and  development  to  process  R&D  to  advanced  equipment  and  ultra¬ 
clean  technology. 

Ohmi’s  strategy  for  future  semiconductor  issues  is  fairly  well  known  since 
he  publishes  regularly  in  English-language  journals  and  attends  conferences  and 
meetings.  We  openly  discussed  his  program  for  solving  the  problems  of  the  next 
decade.  He  believes  that  there  are  6  key  issues  (summarized  in  Fig.  9)  to  achieve 
the  most  cost-effective  production  in  the  future.  These  issues  are: 

1.  simplified  device  structures, 

2.  equipment  productivity  enhancement, 

3.  ultra-clean  wafer  surface  preparation, 

4.  perfect  process  -  parameter  control  in  processing, 

5.  standardized  equipment, 

6.  common  reticle  production  for  various  ASICs. 

Solutions  to  these  key  issues  will  allow  manufacture  of  high-yield  lots  from  the 
beginning,  without  depending  on  volume-learning  to  perfect  the  process.  He  sees 
ultra-clean  technology  and  process  control  as  key  here.  He  is  suggesting  the  use 
of  closed  tunnels,  either  in  vacuum  or  nitrogen,  between  equipment  to  isolate 
wafers  from  environmental  air.  The  concept  is  shown  in  Fig  10  in  the  case  of 
cluster  tools  (also  a  concept  Ohmi  supports).  Standards  are  seen  as  very 
important  for  the  industry'  to  reduce  the  cost  of  future  equipment.  Since  about  65% 
of  the  cost  of  a  factory  is  the  capital  investment  in  the  equipment  (10%  is  in 
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FIG  10:  Example  of  a  nitrogen  tunnel,  shown  here  with  cluster  tools. 
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installation,  the  rest  is  in  the  facility  construction  and  utilities),  reductions  here, 
through  standardization  and  mass-production  of  common  components  can 
obviously  have  a  significant  effect  on  reducing  the  total  cost. 

His  group  is  investigating  a  new  4-terminal  device  structure  to  address 
issue  niunber  1.  This  new  structure  called  the  “neuron  MOSPET”  utilizes  a 
floating  gate  and  potentially  may  allow  a  great  reduction  in  the  number  of  gates 
necessary  to  implement  a  Boolean  logic  function.  However,  this  type  of  device 
may  not  lead  to  substantially  reduced  processing,  but  it  may  reduce  the  total 
number  of  interconnects.  ASIC  circuit  architectures  based  on  this  transistor  can 
also  allow  a  reduction  in  the  number  of  reticles  required  since  the  circuit  fimction 
is  determined  by  electrical  signals,  rat’^'er  than  processing.  Ohmi’s  group  is  also 
investigating  other  device  structures  and  materials  to  simplify  processing, 
including  insulators  with  high-dielectric  constants  and  ferroelectrics. 

Another  area  of  investigation  is  particle  adhesion  within  reaction 
chambers.  Ohmi  is  researching  low  pressure  processing  to  avoid  generating 
particles  in  the  gas  phase  within  the  process  chambers.  He  is  also  examining  self¬ 
cleaning  techniques  to  remove  particidates  prior  to  loading  wafers.  Yet  another 
approach  imder  investigation  is  weakly  charging  thin  films  to  prevent  adhesion. 
The  most  obvious  solution  to  the  adhesion  problem  is  to  eliminate  partioilates. 

Work  at  the  University  has  led  to  the  development  of  a  passivation 
technology  that  provides  a  corrosion-resistant  surface.  The  university  holds 
patents  on  processes  to  use  Cr203  and  CrFa  treatments  of  gas  lines  and  chambers. 
The  benefits  of  Cr203  and  CrFa  passivation  have  been  verified  experimentally. 
Creation  of  a  high-quality  passivation  layer,  about  150  A  thick,  requires  careful 
surface  preparation.  Along  the  same  lines,  the  group  has  investigated  welds  and 
fittings  for  gas  lines.  They  have  developed  welding  procedures  that  require  much 
shorter  bead  lengths,  thereby  decreasing  surface  areas  for  impurities.  Inspection- 
free  gas  fittings  that  contain  instruments  to  detect  leaks  have  been  patented  and 
have  the  potential  to  reduce  installation  and  monitoring  costs.  Due  to  U.S. 
environmental  laws  and  codes,  some  of  this  technology  could  not  be  applied 
domestically. 

To  address  issues  relating  to  the  high  cost  of  equipment  due  to  low 
utilization,  his  group  is  developing  a  tool  that  can  be  used  for  multiple  major 
process  steps.  A  cross-section  of  the  tool,  called  the  Dual-Frequency  Excitation 
Plasma  Process  Eqmpment,  is  shown  in  Fig.  11.  Two  rf  sources  are  used  to 
control  ion  flow  from  the  inlet,  one  source  biases  the  wafer  while  one  excites  the 
plasma.  Adjusting  the  frequencies  and  powers  of  the  sources,  as  well  as  the  inlet 
gas,  allows  the  tool  to  operate  in  different  regimes,  including  sputtering,  RIE, 
plasma  CVD,  resist  ashing,  and  dry  cleaning.  This  tool  also  may  provide  precise 
control  over  critical  process  parameters  during  manufacturing. 
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FIG  11;  The  Dual  Frequency  Excitation  Plasma  Reactor. 


22 


43  Super  Mini  Clean  Room 

The  Super  Mini  Clean  Room  is  located  on  the  campus  of  Tohoku  University. 
The  Super  Mini  Clean  Room  is  used  by  staff,  students,  and  outside  researchers. 
Ohmi  tries  to  build  a  collaborative  team  among  his  group,  bringing  personnel 
from  competitors  together  to  exchange  ideas  and  work  together.  He  believes  that 
the  approach  has  been  successful.  The  clean  room  is  set  up  as  a  basic  research 
laboratory  and  has  many  areas  set  aside  for  process  experiments.  Many  of 
Ohmi’s  concepts  are  investigated  and  proven-out  here  with  the  staff  of  students 
and  outside  researchers  from  equipment  suppliers  and  semiconductor 
companies.  A  US  chemist  from  Air  Products  (a  US  company)  was  participating 
on  one  of  Ohmi’s  projects  and  discussed  his  research  with  us. 

The  facility  itself  is  inside  of  a  previously  existing  1  story  building.  Truly 
vertical  air  flow  could  not  be  achieved,  but  is  approximated  by  returns  along  the 
perimeter.  Returns  are  created  by  acrylic  sheets  impregnated  with  carbon  fibers 
for  grounding.  The  sheets  allow  flexibility  of  the  room  configuration  within  the 
research  zu-ea.  many  of  Ohmi’s  ideas  are  tested  and  implemented  here.  The 
Dual  Frequency  Excitation  Plasma  Process  Equipment  was  shown  to  us,  as  well 
as  an  advanced  wet  cleaning  station  to  prevent  contamination  and  native-oxide 
growth  during  cleans.  Other  experiments  shown  to  us  included  improvements  in 
the  pumping  scheme  for  a  low  pressure  chamber  and  the  water  purification  and 
deionizing  schemes. 

5.0  Fujitsu  Limited 

Kawasaki,  Japan 


The  team  met  with  technical  and  managerial  staff  from  Fujitsu  Limited  at 
an  R&D  facility  in  Kawasaki.  The  meeting  did  not  include  a  tour  of  any  clean 
rooms.  The  discussions  were  quite  interesting  and  covered  a  range  of  topics. 
Fujitsu  is  not  only  a  producer  of  semiconductors,  but  is  also  a  large  producer  of 
computers  and  related  equipment  (displays,  disc  drives,  etc.).  Fujitsu’s  net  sales 
were  about  Y2.5  trillion  last  year  and  they  employed  about  50,000  people. 

Electronics  devices  were  responsible  for  about  Y350  billion  of  the  total  business 
and  employ  about  13,000  of  the  employees  in  18  plants.  Fujitsu  explained  company 
organization  and  described  research  goals.  Fujitsu  also  communicated  their 
concern  over  rising  semiconductor  manufacturing  costs.  Company  goals  are  to 
develop  the  capabilities  to  have  less  than  1  week  timiaround  for  an  ASIC  and  2 
days  for  a  gate  array.  Fujitsu  works  with  suppliers  to  develop  tools,  but  will  not 
cooperate  with  other  semiconductor  companies  on  standard  requirements.  They 
issue  specifications  and  expect  their  suppliers  to  meet  them.  There  is  presently  a 
6  year  development  time  for  tools,  but  Fujitsu  believes  it  could  be  halved.  Fujitsu 
will  license  patents  to  suppliers,  but  they  may  not  use  them  on  tools  sold  to 
competitors.  Fujitsu  made  it  quite  clear  that  they  speak  only  to  suppliers,  never  to 
competitors. 


5.1  Fiyitsu  Overview 

Fujitsu  Limited  consists  of  5  groups  and  Corporate  Administration.  The 
Electronic  Devices  Group  is  responsible  for  all  of  Fujitsu’s  production  of 
semiconductor  components.  Within  this  group,  the  Product  Group  is  broken  into 
Compoiind  Semiconductors,  Memory  LSI  Design,  Process,  Engineering 
Development,  LSI  Quality  and  Reliability,  Hybrid  IC,  Electromechanical  Devices, 
and  Display.  There  are  14  plants  in  Japan,  and  6  in  the  rest  of  the  world. 

The  newest  clean  room  is  located  in  Mie.  Fujitsu  initially  agreed  to  grant 
the  team  access  to  this  facility,  but  later  decided  against  it.  However,  SEMATECH 
has  visited  this  plant  and  reported  it  to  be  a  single-wafer  ASIC  mega-fab.  The 
Fujitsu  Manager  responsible  for  designing  the  ASIC  line  in  the  Mie  plant  told  us 
that  the  line  had  been  designed  for  pturely  fastest  tum-aroimd.  It  was  originally 
just  a  pilot  production  plant,  but  was  now  being  converted  to  handle  a  greater 
production  capacity.  The  plant  at  Wakamatsu  is  the  newest  and  has  the  most 
advanced  ASIC  line,  although  the  plant  is  not  highly  automated.  The  lithography 
area  in  the  Iwate  plant  is  Fujitsu’s  most  advanced.  Presently  using  G-line  for  0.6 
pm  features.  I-line  will  be  used  for  0.5  -0.4  pm  features,  and  possibly  smaller 
with  phase  shift  masks.  DUV  is  under  consideration  for  the  following 
generations. 

The  technology  transfer  within  Fujitsu  Limited  is  accomplished  by 
transferring  personnel.  For  example,  key  engineers  might  move  first  from 
Kawasaki  to  Mie,  then  from  Mie  to  Iwate,  W^amatsu,  or  Aizu.  The  final 
destination  depends  on  the  type  of  product. 

Fujitsu  Laboratories  Limited  is  a  wholly  owned  subsidiary.  It  has  capital  of 
about  Y5,000  million  and  1,650  employees.  It  operates  3  facilities,  Kawasaki, 
Atsugi,  and  an  International  Institute.  Electronics  research  occurs  in  Atsugi  in 
the  Electron  Device  Division,  the  Electronics  System  Division,  the  Materieils 
Division,  and  the  Optical  Interconnect  Division.  In  the  Electron  Device  Division, 
activities  include; 

Design:  processors,  CAD  systems 

Devices:  sub  0.2  pm  CMOS,  SOI,  HEMT 

Processes:  lithography,  contamination  control,  high  dielectric  constant 
materials 

In  the  Electronics  System  Division,  activities  include  electron  beam  testing.  In 
the  Materials  Division,  activities  include  ceramics,  MCM,  photoresists,  and 
characterization  techniques. 

Additional  research  on  superconductors  and  applications  is  imder 
investigation.  For  example,  Josephson  devices  for  LSI,  millimeter  wave,  and  x- 
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FIG  12:  Capital  investment  for  DRAM  factories  (Fujitsu). 
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ray  detection  applications.  CMOS  research  goals  are, 

-•scaling  MOS*  by  1994 
-“epi-channel  MOS"  by  1997 
-“double-gate  SOI  MOS"  by  2000. 

52  Equipment  Discussions 

The  team  held  a  discussion  over  Fujitsu’s  view  of  the  future  in  the 
industry.  Figiu*e  12  shows  Fujitsu’s  estimates  of  capital  expenditures  for 
factories.  Fujitsu  estimates  the  capital  investment  for  a  20,000  wafer  per  month, 
64  Mb  ORAM  plant  to  be  $900  - 1,200  million.  About  50%  of  the  cost  is  due  to  the 
equipment.  A  plant  of  this  nature  for  mass  production  may  utilize  large  wafer 
diameters  of  12  inches  or  more,  and  should  be  flexible  enough  to  be  capable  of 
processing  diversified  devices.  On  the  other  hand,  Fujitsu  noted  that  about  50%  of 
the  ASIC  lots  contained  fewer  than  5  wafers.  Fujitsu  showed  us  data  indicating 
that  throughput  efficiency  decreased  non-linearly  with  wafer  lots  under  5  wafers 
(see  Fig.  13).  ASIC  production  includes  about  3000  different  part  numbers,  300 
Afferent  designs,  and  30-40  different  processes. 

On  the  equipment  side,  a  further  examination  of  the  cost  breakdown 
showed  that  about  60  -  70%  of  the  cost  of  a  piece  of  equipment  is  due  to  the 
processing  part,  the  rest  is  due  to  the  CIM  and  transportation  system. 
Standardization  in  these  components  would  reduce  equipment  costs  substantially, 
according  to  Fujitsu.  There  are  no  SEMATECH-like  program  to  bring  Japanese 
semiconductor  firms  together  to  develop  a  set  of  standard  requirements  on  tools, 
but  there  is  some  activity  to  discuss  standards  through  SEMI  and  EIAJ.  Fujitsu 
has  an  in-company  standardization  of  equipment.  Further  moduling  of 
equipment  might  have  additional  benefits.  Areas  that  are  well  suited  for 
standardization  of  modules  are  valves  and  piping,  vacuum  gauges  and  mass-flow 
controllers.  The  wafer  carrier  interface  could  be  standardized,  both  the  physical 
station  and  the  procedures.  Finally,  Fujitsu  sees  some  benefit  in  standardizing 
operation  manuals. 

To  improve  the  performance  of  equipment  in  a  mass  production  floor, 
equipment  suppliers  must  improve  the  imiformity  and  repeatability,  and  reduce 
the  particles.  Device  designers  must  better  match  designs  with  equipment 
capabilities.  For  small  lots  typical  of  ASIC  production,  equipment  suppliers  must 
introduce  tools  that  featme  pre-cleaning,  in-situ  control,  target  changes  imder 
vacuum,  no  wafer  breakage,  robust  recipe  download  capabilities.  Device  and 
process  designers  must  design  products  based  on  a  standard  process  and  begin 
combining  small  lots  to  increase  throughput  efficiencies.  Issues  common  to  both 
mass  production  and  ASIC  are  perfect-  processing  and  efficiency  improvement. 
Fujitsu  sees  three  factors  leading  to  the  greatest  increases  in  efficiency, 

-  improvement  of  product  yield, 

-  improvement  of  uptime  and  throughput,  and 

-  reduction  of  operators. 
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FIG  13:  Graph  of  tool  efliciency  vs.  lot  size  (ASIC  case). 
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FIG  14:  Typical  tool  development  schedule. 


As  shown  in  Fig.  14,  during  the  present  6  years  it  takes  to  develop  new 
equipment,  Fujitsu  sees  the  need  for  greater  disclosure  and  sharing  of  data 
between  semiconductor  companies  and  suppliers.  By  better  utilizing  this  data,  it 
is  hoped  that  both  uptime  and  time  to  market  of  new  tools  will  be  increased. 
Equipment  suppliers  could  facilitate  this  by  utilizing  an  open  design  architecture 
and  open  control  software,  and  by  sharing  maintenance  and  service  data. 
Manufacturers  should  disclose  tool  performance  data  and  uptime  information. 
Fujitsu  also  sees  the  need  for  much  more  effective  training  of  operators. 

Fujitsu  does  not  believe  that  the  approach  put  forth  by  Professor  Ohmi  will 
prove  to  be  cost-effective.  They  do  believe  that  ultra-clean  technology  is  important, 
but  they  feel  one  must  address  yield  directly,  not  just  reduce  particle  levels.  They 
acknowledge  that  Tohoku  University  could  be  quite  valuable  as  a  neutral  site  to 
bring  companies  together  to  discuss  standards. 
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